Mammalian heparanase degrades heparan sulfate, the most prominent polysaccharide of the extracellular matrix. Causal involvement of heparanase in tumor progression is well documented. Little is known, however, about mechanisms that regulate heparanase gene expression. Mutational inactivation of tumor suppressor p53 is the most frequent genetic alteration in human tumors. p53 is a transcription factor that regulates a wide variety of cellular promoters. In this study, we demonstrate that wild-type (wt) p53 binds to heparanase promoter and inhibits its activity, whereas mutant p53 variants failed to exert an inhibitory effect. Moreover, p53-H175R mutant even activated heparanase promoter activity. Elimination or inhibition of p53 in several cell types resulted in a significant increase in heparanase gene expression and enzymatic activity. Trichostatin A abolished the inhibitory effect of wt p53, suggesting the involvement of histone deacetylation in negative regulation of the heparanase promoter. Altogether, our results indicate that the heparanase gene is regulated by p53 under normal conditions, while mutational inactivation of p53 during cancer development leads to induction of heparanase expression, providing a possible explanation for the frequent increase of heparanase levels observed in the course of tumorigenesis.
Introduction
Heparanase (endo-b-D-glucuronidase) degrades heparan sulfate (HS), the main polysaccharide component of the extracellular matrix (ECM) (Hulett et al., 1999; Kussie et al., 1999; Toyoshima and Nakajima, 1999; Vlodavsky et al., 1999) . Heparan sulfate plays a key role in the selfassembly and integrity of the ECM (Timpl, 1996; Bernfield et al., 1999; Kalluri, 2003) . Malignant tumor growth, neovascularization, and metastasis represent invasive processes that involve enzymatic disintegration of the ECM. Heparanase cleavage of HS in the ECM, particularly in epithelial and subendothelial basement membranes, is, therefore, a critical determinant in cancer development and progression (Hulett et al., 1999; Kussie et al., 1999; Toyoshima & Nakajima, 1999; Friedmann et al., 2000; El-Assal et al., 2001; Gohji et al., 2001; Koliopanos et al., 2001; Rohloff et al., 2002) . Heparanase is preferentially expressed in human tumors (Kosir et al., 1999; Vlodavsky et al., 1999; Zcharia et al., 2001) in correlation with metastatic potential, tumor vascularity and reduced postoperative survival of cancer patients (Kosir et al., 1999; Friedmann et al., 2000; El-Assal et al., 2001; Gohji et al., 2001; Koliopanos et al., 2001; Zcharia et al., 2001; Rohloff et al., 2002) .
Expression of human heparanase in normal cells is restricted primarily to cytotrophoblasts, keratinocytes and activated cells of the immune system (Vlodavsky et al., 1999) , suggesting that in most cell types, heparanase promoter is subjected to a constitutive inhibitory control. Given the potential tissue damage that could result from uncontrolled cleavage of HS, tight regulation of heparanase gene expression is essential. In previous studies, several transcription factors (i.e. SP1 and ETS (Jiang et al., 2002; Lu et al., 2003) , estrogen (Elkin et al., 2003) , glucose (Maxhimer et al., 2005) and alterations in the promoter methylation levels (Shteper et al., 2003; Ogishima et al., 2005a, b) were implicated in the regulation of heparanase transcription. However, the precise molecular mechanisms responsible for heparanase overexpression in a wide variety of cancer types remain unknown.
The process of carcinogenesis involves gain of oncogene activity and loss of tumor suppressor gene function. A key tumor suppressor gene that is often lost upon transformation is p53 (Vogelstein et al., 2000; Vousden and Lu, 2002) . Wild-type (wt) p53 is a transcription factor that limits aberrant cell growth in response to various stress conditions, such as DNA damage, oncogene activation, hypoxia and the loss of normal cell contacts (Sionov and Haupt, 1999; Haupt and Haupt, 2004) . Wild type, but not mutant p53, binds to a specific consensus DNA sequence in the promoter region of target genes and transactivates their expression (el-Deiry et al., 1992 (el-Deiry et al., , 1993 Okamoto and Beach, 1994; Miyashita and Reed, 1995) . On the other hand, some promoters are negatively regulated by wt p53. These include MMP-1 (Sun et al., 1999) , alphafetoprotein (Lee et al., 1999) , PSA (Gurova et al., 2002) , and Cox-2 (Subbaramaiah et al., 1999) . Apart of the growth inhibitory function of wt p53, the loss of other functions of p53 can contribute to tumorigenesis, as well. Of much importance is the identification of 'novel' p53 effectors that mediate such functions. Since heparanase is overexpressed in a wide variety of malignancies where p53 is mutated, we hypothesized that p53 may regulate heparanase gene expression. Our results show that wt p53 inhibits transcription of the heparanase gene by direct binding to its promoter. This inhibition involves recruitment of histone deacetylases (HDACs). In contrast, two tumor-derived p53 mutants have lost this repression activity. Together, these findings provide evidence that an important target of p53 mediated gene repression is heparanase. Thus, along with its well-documented effects on cell proliferation, an important outcome of p53 loss is elevation of heparanase gene expression that promotes tumorigenesis, affecting pathologic tumor-stromal interactions (i.e. ECM degradation, metastasis, angiogenesis). In addition, transcriptional activation of heparanase may represent a new molecular mechanism through which mutated p53 promotes tumorigenesis. Interestingly, a p53 mutant, p53H175R, was found to elevate heparanase expression, identifying heparanase as a new transcriptional target for this and possibly other p53 mutants.
Results
Elimination or inhibition of wt p53 increases heparanase gene expression and enzymatic activity To test whether p53 regulates heparanase gene expression, we first compared the levels of endogenous heparanase (hpa) expression in mouse embryonic fibroblasts (MEF) derived from wt or p53 knockout (p53 À/À ) mice, applying semiquantitative reverse transcription polymerase chain reaction (RT-PCR). Heparanase levels were elevated in p53 À/À MEF and undetectable in the wt counterparts (Figure 1a , top). Heparanase enzymatic activity was also significantly higher in p53 À/À than in wt MEF lysates (Figure 1a , bottom).
To rule out the possibility that the two MEF lines acquired additional genetic alterations that can affect heparanase regulation, p53 gene silencing approach was applied using small interfering RNA directed against p53 (p53siRNA). For this purpose, we used human embryonic lung fibroblasts, WI-38, immortalized by the introduction of a human telomerase gene (hTERT) (Milyavsky et al., 2003) . WI-38/hTERT cells were transduced with lentivirus containing p53siR-NA, or with lentivirus alone and tested for heparanase expression after 72 h. As demonstrated in Figure 1b , downregulation of p53 resulted in increased heparanase mRNA expression (Figure 1b, top) , as well as heparanase enzymatic activity (Figure 1b, bottom) .
Next, we measured the effect of p53 protein inhibition on heparanase mRNA transcription in WI-38/hTERT cells. p53 activity was downregulated by expression of the genetic suppressor element 56 (GSE-56), which corresponds to the C-terminal portion of p53 and whose expression results in accumulation of p53 in its inactive conformation and in inhibition of p53 activity (Ossovskaya et al., 1996) . Expression of GSE56 in WI-38/hTERT cells resulted in a pronounced increase of both heparanase mRNA expression (Figure 1c , top) and enzymatic activity (Figure 1c, bottom) . These results support the notion that wt p53 suppresses heparanase gene expression and consequently leads to an overall reduction in heparanase enzymatic activity.
Heparanase is upregulated in H1299 cells expressing a temperature sensitive (ts) p53 mutant In order to further investigate the inhibitory effect of p53 on heparanase promoter activity, we used p53-negative H1299 lung adenocarcinoma cells, stably transfected with a temperature sensitive (ts) Val 135 mutant form of p53. This mutant protein contains a substitution from cysteine to valine at position 135, and possesses wt activity at 321C, but a mutant inactive conformation at 371C (Michalovitz et al., 1990) . H1299Val 135 cells were transfected with a reporter construct containing luciferase gene driven by the heparanase promoter (HPSE-LUC) (Elkin et al., 2003; Zcharia et al., 2005) , or with p21-LUC plasmid in which LUC expression is driven by the p21 promoter, one of the main targets of p53. Figure 2a demonstrates a markedly reduced heparanase promoter activity in lysates of H1299Val 135 cells cultured at 321C compared with lysates derived from cells grown at 371C. In contrast, the p21 promoter was induced at 321C, due to wt p53 activity. In the parental p53-negative H1299 cells the activity of both HPSE and p21 promoters was unchanged by the temperature shift (not shown), indicating that the observed differences in promoter activities were due to inactivation of ts p53 rather than to a general effect of the temperature change on gene expression. Enzymatic activity of heparanase ( Figure 2b ) was much higher in lysates of H1299Val 135 cells maintained at 371C and therefore bearing the inactive form of p53, than in lysates prepared from cells cultured at 321C when p53 acquires a wt phenotype. Heparanase activity determined in non-transfected H1299 cells incubated at 321C was similar to that of cells maintained at 371C (not shown).
Heparanase promoter activity is repressed by wt, but not mutant p53 To analyse the effect of p53 on heparanase promoter activity, we introduced HPSE-LUC plasmid into p53-negative human osteosarcoma SaoS-2 cells. Along with HPSE-LUC, the cells were co-transfected with a plasmid expressing either wt p53, or one of its three p53 regulates heparanase gene expression L Baraz et al mutant variants (p53-V173L, p53-R175 H, p53-H179Q), commonly found in human cancer. Expression of wt p53 in SaoS-2 cells led to a marked decrease in heparanase promoter activity measured by the luciferase assay, reaching up to a B9-fold reduction (Figure 3a) . In contrast, none of the three tested p53 mutants displayed RNA isolated from wt and p53 knock-out (p53 À/À ) MEF was reverse transcribed to cDNA and subjected to comparative semiquantitative PCR, as described in 'Materials and methods'. Aliquots (10 ml) of the PCR products were separated by 1.5% agarose gel electrophoresis and visualized. Bottom: Enzymatic activity. MEF lysates (1 Â 10 6 cells) obtained from wt (J) or p53 À/À (m) mice were normalized for equal amounts of protein and incubated (18 h, 371C, pH 5.8) with sulfate labeled ECM. Labeled degradation fragments released into the incubation medium were analysed by gel filtration over Sepharose CL-6B column, as described in 'Materials and methods'. Sulfatelabeled material eluted in fractions 15-35 is composed of heparan sulfate degradation fragments. (b) siRNA-mediated silencing of p53 elevates heparanase expression. WI-38/hTERT cells were infected with lentiviral vector encoding for p53siRNA or control vector (Vo). Top: Heparanase (Hpa) mRNA expression. RNA was isolated 72 h postinfection, reverse transcribed to cDNA and subjected to comparative semiquantitative PCR. The number of cycles for heparanase was 36 since its expression in these cells is very low. Bottom: Enzymatic activity. WI-38/hTERT cells (1 Â 10 6 ), infected with either lentiviral vector containing p53siRNA (m) or control vector (J) were lysed 3 days postinfection, normalized for equal protein, and cell lysates were tested for heparanase enzymatic activity. (c) Functional inactivation of p53 enhances heparanase expression. Top: Heparanase (Hpa) mRNA expression. RNA was isolated from WI-38 cells stably transfected with telomerase gene hTERT alone (WI-38/hTERT), or with hTERT plus the dominant negative form of p53 (WI-38/hTERT/GSE56). Bottom: Enzymatic activity. Cell lysates of 0.5 Â 10 6 WI-38/hTERT (J) or WI-38/hTERT/ GSE56 (m) cells were normalized for equal protein and tested for heparanase enzymatic activity.
p53 regulates heparanase gene expression L Baraz et al any repression ability ( Figure 3a) . Interestingly, expression of p53-R175 H, which is a 'hot spot' mutant in human cancer (Vousden and Lu, 2002 ) caused a moderate (up to 2-fold) but consistently reproducible activation of heparanase promoter at the highest amount of the plasmid (Figure 3a) . The p21-LUC plasmid was used as a marker for wt p53 functionality. As expected, LUC expression was elevated in a dosedependent manner as a result of co-transfection with increasing amounts of the wt p53 plasmid (Figure 3b ). Under the same conditions, expression of luciferase driven by the SV40 promoter (pGL2-control vector) was not altered by co-transfection with increasing amounts of wt p53, demonstrating that the effect of p53 on heparanase promoter activity was not the result of a general inhibition of transcription ( Figure 3b ). These results indicate that unlike wt p53, p53 mutants do not repress the heparanase promoter. Moreover, certain mutants (e.g. p53R175 H) may activate the heparanase promoter.
Wild-type p53 binds the heparanase promoter In order to demonstrate direct binding of the p53 protein to regulatory sequences of the heparanase gene, we performed chromatin immunoprecipitation (ChIP) assay with DNA isolated from WI-38/hTERT and WI-38/hTERT/GSE56 cells. DNA was sonicated into fragments of an average size of 500 bp. We used five sets of primers (HPSEp-1-5) designed to amplify B200 bp PCR products, distributed over the entire length of the heparanase promoter (as indicated in 'Materials and methods'). We looked for the promoter sequences in nuclear extracts of WI-38/hTERT vs WI-38/hTERT/ GSE56 cells, immunoprecipitated with antibody against p53. As demonstrated in Figure 4 , a sequence of the heparanase (HPSE) promoter region amplified by primer set HPSEp-4 (located at position 2409-2687 relative to the origin of the promoter), but not by the other primer sets, was reproducibly present in the chromatin DNA immunoprecipitated with anti-p53 antibody from WI-38/hTERT (lane1), but not WI-38/ hTERT/GSE56 nuclear extracts (lane 2) (Figure 4 , HPSEp-4). This experiment demonstrates direct binding Trichostatin A inhibits p53-mediated repression of heparanase Mechanisms of transcriptional repression by p53 are poorly understood; however, association between this activity of p53 and the recruitment of HDAC to the regulatory sequences of target genes has been observed (Murphy et al., 1999) . We investigated whether trichostatin A (TSA), a potent and specific inhibitor of HDAC activity (Yoshida et al., 1990) , is able to inhibit suppression of heparanase expression by p53. Initially, we used H1299Val 135 cells grown at 371C or temperature-shifted to 321C for 18 h in the presence or absence of 100 nM TSA. Induction of wt p53 following temperature shift to 321C resulted in a significant reduction in heparanase mRNA, measured by RT-PCR. However, in the presence of TSA, this decrease was inhibited and heparanase expression levels remained unchanged. In contrast, GAPDH levels were not altered by the temperature shift or incubation with TSA ( Figure 5a ). To extend this observation, human breast carcinoma cells (MCF-7) were analysed following activation of endogenous wt p53 protein by the DNA-damaging agent, doxorubicin (DOX) (el-Deiry et al., 1993) . As demonstrated in Figure 5b , treatment of MCF-7 cells with DOX resulted in a pronounced decrease in heparanase mRNA level after 6 h. This reduction was abrogated by TSA treatment, while TSA alone had no detectable effect on heparanase mRNA level. As a marker for p53 activation, we used p21 whose expression was significantly elevated after DOX treatment (Figure 5b ). These results demonstrate that DOXinduced activation of endogenous p53 leads to downregulation of heparanase gene expression. TSA specifically inhibits the repression of heparanase following p53 activation. Thus, HDAC activity may be an integral component of the p53-mediated repression of the heparanase gene.
Discussion
Overexpression of heparanase in malignant tumors, as well as its potential contribution to cancer progression (i.e. enhanced primary tumor growth, invasiveness, angiogenesis), are well documented (Vlodavsky and Friedmann, 2001 ). However, despite extensive studies on upregulation of the heparanase gene during tumorigenesis, little is known about physiologically relevant repressors of heparanase gene transcription, responsible for the low or undetectable levels of heparanase under normal conditions. The present study demonstrates, for the first time, that the heparanase gene is a molecular target of p53-mediated transcriptional repression. We show that wt p53 is a powerful inhibitor of heparanase transcription. In cells lacking p53, heparanase expression is elevated, suggesting that the mere absence of p53 is sufficient to activate the heparanase promoter. Tumor-derived p53 mutants no longer exert this inhibitory ability. Interestingly, at least one of the six most common cancer-associated p53 mutants, p53-R175H, upregulates heparanase promoter activity. This effect, albeit moderate, may be attributed to a direct interaction between the p53-R175 H mutant and the (Figure 1a) . Moreover, transcriptional (siRNA) or functional (GSE 56) inactivation of p53 in telomeraseimmortalized WI-38 human fibroblasts led to increased heparanase expression (Figure 1a and b) . Recently, the critical importance in carcinogenesis of stromal elements (e.g. carcinoma-associated fibroblasts, CAFs) and their secreted factors, is increasingly documented (Bhowmick and Moses, 2005) . Among other mechanisms, it was suggested that stromal cellular elements may contribute to the malignant potential of the tumor by producing heparanase (Friedmann et al., 2000; Marchetti et al., 2000) . While normal fibroblasts lack detectable heparanase activity (Nadav et al., 2002 , and our unpublished observations), elevated levels of the heparanase protein were detected in fibroblasts associated with deeply invading colon carcinoma (Friedmann et al., 2000) . Recently, it has been shown that somatic p53 mutations are responsible for the tumor-supporting activities exerted by CAFs (Kiaris et al., 2005) . Tumors containing p53-deficient stromal fibroblasts developed faster and were more aggressive than their counterparts with fibroblasts bearing wt p53 (Kiaris et al., 2005) . Our results propose a molecular pathway through which CAFs, due to the loss of functional p53, may become an independent source of heparanase in the tumor vicinity, thus contributing to tumor progression.
As a transcriptional regulator, p53 can both induce and repress the expression of target genes (Vousden and Lu, 2002) . While acting as an activator of transcription, p53 binds DNA directly in a sequence-specific manner through a highly conserved DNA-binding domain (el-Deiry et al., 1992) . In contrast to the well-studied mechanisms of p53 activation, the exact nature of p53-mediated repression of target genes is not fully understood. Three mechanisms were proposed for p53-mediated transcriptional repression (Ho and Benchimol, 2003) . The first two may occur in the absence of DNA binding and involve interference with either the function of DNA-binding transcriptional activators (Lee et al., 1999; Sun et al., 1999) , or the basal transcriptional machinery (Seto et al., 1992; Farmer et al., 1996; Subbaramaiah et al., 1999) . The third mechanism for p53-dependent transcriptional repression involves direct binding to the promoter region of a target gene and alteration of the chromatin structure within the promoter by recruiting HDAC (Murphy et al., 1999; Mirza et al., 2002; Ho and Benchimol, 2003) . Recruitment of HDACs to the promoter of p53-repressed genes results in enzymatic deacetylation of histones on chromatin, creating a transcriptionally unfavourable environment (Zilfou et al., 2001; Allison and Milner, 2004) . We found that wt p53 binds directly to the heparanase promoter. The HDAC inhibitor TSA completely abrogated the decrease in heparanase mRNA level observed in MCF-7 cells following DOX treatment. Similarly, the decrease in heparanase level following temperature switch in H1299Val 135 cells was reversed by TSA treatment ( Figure 5 ). These results strongly suggest that negative regulation of heparanase gene expression by p53 involves HDAC recruitment.
In conclusion, we have demonstrated that the heparanase gene is under a strict negative control by wt tumor suppressor p53 and its expression is stimulated by the loss of wt p53 activity in cell culture. It is therefore conceivable that the heparanase gene is constitutively repressed by p53 in vivo. As a result of this negative control, combined with hypermethylation of the heparanase promoter region (Shteper et al., 2003; Ogishima et al., 2005a, b) , normal cells remain heparanase-negative. In contrast, inactivation of negative regulators of heparanase gene transcription along with the stimulatory effect of activating factors such as EGR-1, may collectively contribute to the increased heparanase expression in human tumors. Our results provide the first evidence for a functional involvement of p53 in heparanase regulation under normal and pathological conditions, and may have implications in the treatment of tumors overexpressing heparanase and bearing mutations in p53.
Materials and methods

Cells
Human osteosarcoma SaoS-2, human breast carcinoma MCF-7, and human lung carcinoma H1299 cells, were obtained from the American Type Culture Collection (ATCC; Manassas, VA, USA). Human embryonic kidney 293T cells were kindly provided by Dr E Bacharach (Tel-Aviv University, Israel). Cells were maintained in Dulbecco's modified Eagle's medium (DMEM, 4.5 g glucose/l) or RPMI medium supplemented with 1 mM glutamine, 50 mg/ml streptomycin, 50 U/ml penicillin and 10% fetal calf serum (FCS) at 371C in a 5% humidified incubator. Mouse embryonic fibroblasts were generated from wt or p53 À/À mice and cultured in DMEM supplemented with 1 mM sodium pyruvate, 2 mM glutamine, 10 mM HEPES, 10 mM non-essential amino acids (Biological Industries, Beit Haemek, Israel). Cultures of bovine corneal endothelial cells were established from steer eyes and maintained in DMEM (1 g glucose/liter) supplemented with 5% newborn calf serum, 10% FCS and 1 ng/ml bFGF, as described (Vlodavsky et al., 1999) . Confluent cell cultures were dissociated with 0.05% trypsin and 0.02% EDTA in phosphate-buffered saline (PBS) and sub-cultured at a split ratio of 1:8 (Vlodavsky et al., 1999) . H1299Val 135 cells were generated by introducing the p53Val 135 expression plasmid into H1299 cells (a gift from Dr M Oren, The Weizmann Institute of Science, Rehovot, Israel). Cells were maintained at 371C, a temperature at which p53 acquires a mutant conformation. To convert p53 into the wt conformation, cells were shifted to 321C for at least 12 h. Primary human embryonic lung fibroblasts (WI-38), stably expressing hTERT alone or hTERT and GSE56, were kindly provided by Dr V Rotter (The Weizmann Institute of Science, Rehovot, Israel). These cells were grown in MEM supplemented with 10% FCS, 1 mM sodium pyruvate, 2 mM L-glutamine, and antibiotics.
Preparation of sulfate labelled ECM Bovine corneal endothelial cells were plated into 35-mm tissue culture dishes at an initial density of 2 Â 10 5 cells/ml and cultured as described above, except that 4% dextran T-40 was included in the growth medium (Vlodavsky et al., 1999) . On day 12, the subendothelial ECM was exposed by dissolving the cell layer with PBS containing 0.5% Triton X-100 and 20 mM NH 4 OH, followed by four washes with PBS (Vlodavsky et al., 1999) . The ECM remained intact, free of cellular debris and firmly attached to the entire area of the tissue culture dish. To produce sulfate labeled ECM, Na 2 35 SO 4 (25 mCi/ml) (Amersham, Buckinghamshire, UK) was added on days 2 and 5 after seeding and the cultures were incubated with the label without medium change and processed as described (Vlodavsky et al., 1999) . Nearly 80% of the ECM radioactivity was incorporated into HSPGs.
Heparanase activity Cells (0.5-1 Â 10 6 cells/ml) were lysed by three cycles of freezing and thawing in phosphate citrate buffer, pH 6.0, and incubated (16 h, 371C, pH 6.0) with 35 S-labeled ECM. The incubation medium was centrifuged and the supernatant containing sulfate labeled degradation fragments was analysed by gel filtration on a Sepharose CL-6B column (0.9 Â 30 cm 2 ) (Vlodavsky et al., 1983 (Vlodavsky et al., , 1999 . Fractions (0.2 ml) were eluted with PBS and their radioactivity counted in a b-scintillation counter. Degradation fragments of HS side chains were eluted from Sepharose 6B at 0.5oK av o0.8 (peak II, fractions 15-30). Nearly intact HSPGs were eluted just after the V 0 (K av o0.2, peak I) (Vlodavsky et al., 1983 (Vlodavsky et al., , 1999 Goldshmidt et al., 2001) . We have previously demonstrated that labeled fragments eluted in fractions 15-35 are degradation products of HS, as they were (i) five-to six-fold smaller than intact HS side chains; (ii) resistant to further digestion with papain and chondroitinase ABC; and (iii) susceptible to deamination by nitrous acid (Vlodavsky et al., 1983) . Each experiment was performed at least three times and the variation in elution positions (K av values) did not exceed 715%.
Reporter construct transfection and luciferase (LUC) assay The 1.9-kb human heparanase promoter region [HPSE (À1791/ þ 109)-LUC] was subcloned upstream of the LUC gene in a pGL2 basic reporter plasmid (Promega, Madison, WI, USA) (Elkin et al., 2003; Zcharia et al., 2005) . SaoS-2 cells were seeded into 24-well plates at a density of 50 000 cells/well. Transfections were performed using FuGENE 6 Transfection Reagent (Roche, Indianopolis, IN, USA), according to the standard protocol. Reporter construct (0.05 mg/well) was mixed with 0.05, 0.1 and 0.2 mg of wt or p53 mutant constructs (p53-V173L, p53-R175 H and p53H179Q) (kindly provided by Dr K Vousden, The Beatson Institute for Cancer Research UK, and Dr M Oren, The Weizmann Institute of Science, Rehovot, Israel). Constant amounts of DNA in each well were preserved by addition of pcDNA3 plasmid without insert. Cells were harvested 24 h afterward and assayed for LUC activity using the Luciferase Reporter Assay system (Promega, Madison, WI, USA). H1299Val 135 cells were transfected with HPSE-LUC or p21-LUC. The relative light units were determined in each sample with a luminometer (Lumat LB 9507, Berthold Technologies) and results were normalized against beta-galactosidase activity measured by a colorimetric assay. Data are presented as the means of quadruplicates7s.d., and all experiments were repeated at least three times with similar results.
Production of lentivector 293T cells at 80% confluence were co-transfected with lentiviral construct, encoding for siRNAp53 (a kind gift from Dr R Agami, The Netherlands Cancer Institute, The Netherlands), or control lentiviral construct without siRNA, pCMVdR8.91 packaging and pMD2-VSV-G envelope plasmids (a kind gift from Dr D Trono, University of Geneva, Switzerland) using FuGENE6 (Roche, Indianopolis, IN, USA), according to the manufacturer's instructions. Virus-containing culture supernatants were harvested 48-72 h post-transfection and pooled together. The supernatants were cleared of cell debris by spinning at 10 000 Â g for 10 min, prior to centrifugation for 45 min at 100 000 Â g in a Beckman centrifuge (Ti-50.2 rotor). The pellets were resuspended in PBS and used for infection of cultured WI-38/ hTERT cells by spinoculation, as previously described (O'Doherty et al., 2000) . Briefly, the pellets of 1 Â 10 6 cells were mixed with lentiviruses and centrifuged at 1200 r.p.m. for 2 h at 251C. Unbound virus was removed and the cells were resuspended in growth medium and cultured at 371C. RNA expression was analysed 72 h later.
RNA isolation, cDNA synthesis and RT-PCR RNA was isolated with TRIzol (Molecular Research Center, Cincinnati, OH, USA), according to the manufacturer's instructions and was quantitated by UV absorption. Deoxythymidylic acid oligomer (oligo dT)-primed reverse transcription was performed using 1 mg of total RNA in a final volume of 20 ml, and the resulting cDNA was further diluted to 100 ml. Comparative semiquantitative PCR was performed as follows: glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or a ribosomal gene L19 mRNAs were first amplified at low-cycle number (GAPDH primer sequences: sense, 5 0 -CCACCCAT GGCAAATTCCATGGCA-3 0 ; antisense, 5 0 -CTAGACGGCA GGTCAGGTCCACC-3 0 ; L-19 sense: 5 0 -ATGCCAACTCT CGTCAACAG-3 0 ; L-19 antisense: 5 0 -GCGCTTTCGTG CTTCCTT-3 0 ). The resulting 600-bp products for GAPDH and L-19 were visualized by electrophoresis and ethidium bromide staining, and quantitated using the Scion Image Program (Scion Corporation). If needed, cDNA dilutions were adjusted and GAPDH reverse-transcription PCR products were reamplified to obtain similar intensities for GAPDH signals with all the samples. The adjusted amounts of cDNA were used for PCR with primers designed to amplify a PCR product specific for human heparanase (sense: 5 0 -ACAGTTC TAATGCTCAGTTGCTC-3 0 ; antisense: 5 0 -CTTCAGCATC TTAGCCGTCTTT-3 0 ), p21 (sense: 5 0 -ATGTCAGAACCG GCTGGGGA-3 0 ; antisense 5 0 -GCCGTTTTCGACCCTGA GAG-3 0 ), or p53 (sense: 5 0 -GTCGACCCCCCTCTGAGTC AGG-3 0 ; antisense: 5 0 -GCTGGTGCAGGGGCCACGCG-3 0 ). Only RNA samples that gave completely negative results in PCR without reverse transcriptase were further analysed. Intensity of each band was quantitated using Scion Image software. The PCR conditions were an initial denaturation at 951C for 2 min, denaturation at 961C for 15 s, annealing for 1 min at 581C, and extension for 1 min at 721C (28-33 cycles). Aliquots (10 ml) of the amplified cDNA were separated by 1.5% agarose gel electophoresis and visualized by ethidium bromide staining. Chromatin immunoprecipitation (ChIP) assay Human WI-38/hTERT and WI-38/hTERT/GSE56 cells were grown to 80% confluence. Formaldehyde (Merck, Darmstadt, Germany) was added directly into the culture medium to a final concentration of 1%. Fixation proceeded at room temperature for 10 min and was stopped by addition of glycine to a final concentration of 0.125 mol/l. Plates were rinsed twice with PBS, the cells were removed by scraping, and collected by centrifugation. Pellets were incubated with lysis buffer 1 (50 mM HEPES-KOH (pH 7.5), 140 mM NaCl, 1 mM EDTA, 10% glycerol, 0.5% NP-40, 0.25% Triton X-100 and protease inhibitors mixture), rocked at 41C for 10 min and centrifuged. The pellets were then resuspended in lysis buffer 2 (200 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, 10 mM TrisHCl, pH 8.0), rotated for 10 min at room temperature and collected by centrifugation. Pellets were resuspended in lysis buffer 3 (1 mM EDTA, 0.5 mM EGTA, 10 mM Tris HCl, pH 8.0, 0.1% deoxycholic acid), and sonicated into chromatin fragments of an average length of 500 bp, as determined empirically by agarose gel electrophoresis of fragmented chromatin samples. Chromatin was kept at À801C. Chromatin solution was incubated with p53 specific antibody (FL393, Santa Cruz Biotechnology, Santa Cruz, CA, USA) at 41C overnight with rotation. Immunoprecipitates were washed eight times with wash buffer (50 mM HEPES pH 7.6, 1 mM EDTA, 0.7% deoxycholic acid, 1% NP-40, 0.5 M LiCl, and protease inhibitors mixture). Elution of immune complexes was carried out by addition of 50 ml of elution buffer (50 mM TrisHCl, pH 8, 10 mM EDTA, 1% SDS) at 651C for 15 min with brief vortexing every 2 min. Reverse crosslink was carried out by incubating at 651C overnight. RNA and unbound proteins were removed by addition of 0.2 mg/ml of RNase A for 1 h at 371C, followed by addition of 0.2 mg/ml of proteinase K for 2 h at 551C. DNA was extracted by PCR Purification Kit (Genomed, Lo¨hne, Germany). Recovered chromatin was suspended in 50 ml of TE, and PCR analysis performed using 5 ml of immunoprecipitated chromatin or input chromatin, using Titanium Taq PCR kit (BD Biosciences Clontech, Palo Alto, CA, USA). Amplifications (30 cycles) were performed using the following specific primers, yielding PCR products B200 bp in length (location of primers relatively to the origin of the promoter is indicated in parentheses after each primer pair). PCR products were separated by 1.5% agarose electrophoresis in Tris-borate-EDTA buffer and stained with ethidium bromide.
HPSEp
